Recently, according to expansion of face recognition application fields, study on face recognition is actively conducted. However, high performance algorithm sometimes cannot be applied because of environmental reasons such as pose variation or lighting condition at outdoor CCTV. Also, low-resolution face image captured by CCTV camera cannot be used for appearance based high-performance method. Therefore, we consider pixel based face recognition methods as CCTV applications. To apply the methods, various facial poses and three kinds of face recognition methods are comparatively analyzed in this paper. At experimental results, linear discriminant analysis showed the best performance at the matching method considering various facial poses.
Introduction
Recently, according to improvement of face recognition performance, many security and social network applications use face recognition technique. Especially, deep learning based face recognition techniques dramatically turn in the biometric industry. Traditional face recognition methods can be classified into three types. First, appearance-based face recognition methods are using global feature extracted from face region. Principal Component Analysis (PCA) and Linear Discriminant Analysis (LDA) can be included in the appearance-based method [1] . Second, texture-based face recognition methods are using textural characteristics extracted form local face region. In the texture-based method, Local Binary Pattern (LBP) is generally used [2] . Third, geometry-based face recognition is using position of feature points such as eyes, nose and mouth. For example, Active Appearance Model (AAM) is regarded as the geometry-based method [3] .
Especially, because of necessity of criminal situation monitoring and recognition, continuously checking and monitoring wide range are needed. Therefore, recent face recognition algorithms frequently applied into CCTV system to implement such an intelligent CCTV. Because general CCTV camera has low resolution of face image, the geometry-based methods cannot be considered in this situation. Consequently, appearance and texture based face recognition methods can be considered as the CCTV applications.
In this paper, pixel based face recognition methods such as PCA, LDA, and LBP are comparatively analyzed in terms of recognition accuracy. In here, facial pose variation is considered by multi-frame enrollment of single subject.
Used Pixel Based Face Recognition Methods

PCA
PCA uses Eigen-vector calculated from enrolled face images. Because Eigen-vector is acquired by analyzing principal component of input data, unique Eigen-vectors can be selected for representing dimension reduced face information. PCA is regarded as linear transformation from high-dimension data to low-dimension sub-space [1] . In addition, PCA approximates vectors by calculating a basis in an appropriate lower dimensional space.
LDA
LDA is similar to PCA in terms of using liner transformations and dimension reduction. Especially, LDA is used to classifying about input data between classes. For the classification, both within class scatter of each class and between class scatter are calculated. Because the purpose of LDA is classification between different classes, the representative vectors are determined at maximizing between class scatter and minimizing within class scatter. Consequently, LDA is classifying unknown class data based on the above mentioned representative vectors.
LBP
LBP is simple and strong algorithm as local feature descriptor. The LBP was originally designed for texture representation. First, 8-neighborhoods of 3×3 center are binarized based on the center pixel value. That is, eight binaries or one decimal can be determined as an LBP feature at a 3×3 region [4] . Fig. 3 . Explain how to get LBP code [4] 3 Experimental Result
Database
In the captured pose variation video, total 600 frames were used for face recognition. Failure frames of face detection were excluded. 10 frames of each video were used as enrollment images. In here, face region was cropped and resized at 92×112 pixels. To perform the experiment by considering facial pose variation, three types of enrollment were organized as shown in Fig. 6 . Type #1 as Fig. 6 (a) has large amount of facial pose variation. On the other hand, type #3 as Fig. 6 (c) has no facial pose variation. Type #2 as Fig. 6 (b) has medium status between type #1 and #3. 
Face Recognition Performance
First, recognition accuracies are calculated in terms of enrollment types (#1, #2, and #3) and recognition method (PCA, LDA, and LBP). The accuracy is calculated by dividing genuine recognized frames by total face detected ones. Consequently, LDA based face recognition method showed the best performance (93.53%) when the type #1 enrollment criterion was used. Because LDA trained enrolled face images in terms of classification, we estimated that the method showed the best recognition accuracy. Because input data has facial pose variation, type #2 or #3 enrollment criterion is inadequate. Therefore, only type #1 result is regarded as reliable one. PCA showed similar recognition performance with LBP.
Conclusion
In this paper, generally used three appearance based face recognition methods such as PCA, LDA, and LBP were comparatively analyzed in terms of recognition accuracy. In experiment, facial pose variation was considered by three kinds of enrollment criterions. At results, LDA showed the best recognition performance compared with PCA and LBP. Especially, PCA showed similar performance with LBP. In future works, we will apply the type #1 enrollment criterion and LDA recognition method into CCTV then the field test will be performed.
